'LEGIBILITY NOTICE

A major purpose of the Techm-
cal Information Center is to provide
the -broadest dissemination possi-
ble of information contained in
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal
state and local governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
‘the availability of information on the

research discussed herein.

1




LA-UR -87-.506

Los Alamos National Laboratory is operated by the Univeraty of California for the Unied States Department of Fnergy under contract W-HOS-ENG-M.__

LA-UR--87-1506
DE87 010102

WTLE: FIELD EVALUATION OF A TENSIOMETER DATA ACQUISITION
SYSTEM FOR HYDROL.OGIC STUDIES OF WASTE DISPOSAL
SITE DESIGN

AUTHOR(S):: ], W. Nyhan
B+ J. Drennon
R. M. Guylor

SUBMITTED T0: Proceedings of the International Conference on Measurement of Soil
and Plant Water Status, Utah State University
Logan, Utah
July 6-10, 1987
and Journal of Irrigation Science

By soceptancs of this srcie. the publisher recognizes 1hal the U 8. Government retans a NONeaciusive, royally-free hcens® 10 publish or reproduce
tha pubiished lorm of this contribution, or to aHow others 10 do so, for U.8. Government purposes.

™e Lod Alamos Nathonal Labaratory requests thal the pubisher identily this arlicle as work periormed under the suwposs of the U.8 Departmen of Energy.

L@ AI] m@ Los Alamos National Laborator
S a Los Alamos,New Mexico 8754
:t:n;n.ouu.a.:: NIRTRIAITINE AC TIHE RARIMPFUYT 18 tiam iaaim —


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


FIELD EVALUATION OF A TENSIOMFTFR DATA ACQUISITION SYSTEM FOR HYDROLOGIC
STUDIES OF WASTE DISPOSAL SITE DESIGN

J. ¥. Nyhan, B. J. Drennon. nnd R. M. Gaylor
Soil Scientist. Life Sciences Technician and Computer Sciences Technician
Environmental Science Group, Los Alamos National laboratory
los Alames. Naw Mexico 87545

ABSTRACT

Commercinlly nvailnble differential pressure
transducers, tensiometers and a data acquisition
system were combined to study soi] water tension
changes with time within two trench cap designs
used for the shallow land burial of waste mate-
ria's. Apparent diurnal variations in soil water
tension measured with this system are evaluated
relative to field vartations in temperature, at-
mospheric pressurs and soil water content. On-
gaing research is described which should improve
the reliability of future soil woter tension dnta
collectad in the field.

INTRODUCT ION

For years, solid-wal] tenstometers hive been used
ns n means of measuring soil wnter status in the
s0i! profile. Tensiome:er dn.n are nominally aob-
_tained once or twice a day. but in order to pro-
vide the resolution needed to track water movement
using tensiometars for detafied hydrnlogic events
in the fleld, mary man-hours are required both in
date collection and manipulation. Recent molu-
tions to these problems have re ujted in the use
of pressure transducers coupled with tensiometers,
ustng stngle transducer-scanivalve aystems or mul-~
tiple transducer systems with electrical scanntng
(Lowery e¢ al., 19680). However. unleas the
tronsducer~tehsiometer ayntem is operated under
conntant temparature canditions, tempernture fluc-
tuntionn can aftect the nutput of the system
{Consel and Klute, J9HG), tnh part by aftecting the
airctrical charncteristics of the transducer.
Vemperarture changeas can alno cause axpanston and
contraciion of the materinl of the tensjometer
system and of the water in i¢: these could be
trenslated into an apperent change in ayntem pren-
asure., Thin paper describes n differential
tranuducer-tenaiometer ays:em uned (. the Fisld in
conjunction with n data acquisition system; doc-
uments the influence of tempernture, stmospheric
preasutre aivd soil water content on apparent
changes (n presaure measured . th the system; and
moken recommendations on whai can he done to aveid
thean effects {n terma of future research needs.

MATERIALS AND METNOIN

lhe pressurs transducery used ir eonjunction with
the tenatomeiers nt our facility are the (40 I
neties (model no PAHIN 100 solid ntnte sennors
marudartured by Micrn Switoh, o diviston nf Honey-
well (Micro Mwireh, dbreeport, Lilinote  Thia
mode] (x the differential veeuum gnuge typw (0
which prassure ia aensed by 0 dinphram which
floxes with reference to anbient pressure and
chianges the resistance uf the unit resulting 1h o
low voltage autput which ta proportioml to
Presssire Oparating range of the seties Is 40"

MASTER

ta 85°C, with a tempernture-compensated range of
-18° to 63°C. The 140 PC series sensors normally
use an 8-V-DC power supply, but will allow output
scaling over a wide range by adjusting the supply
voliage. When used at other than an 8-V-DC
excitation, however, there is a ratiometricity
error that must be used to normalize the retrieved
data. When excitation is set precisely a* 8-V-DC,
the scaling produced 18 1.OV at O kI'a and 5.9 VY
at -101 kPa.

In order to facilitate the use of these pressure
transducers, an adaptor had to be constructed and
fitted to the tensjometers. Swagelok stainlens
atee] fittings (Crawford Fitting Co.. Niagara
Falls, Ontario, Canada) were used. mminly for esse
of use and accessibility. The fittings were in-
stalled into the tensiometera (Soilmoisture Model
2725A, Santa Barbara, Caltfornia) into the mocket
where the pressure gauge is usually attached. The
Micro Switch pressure transducer was then con~
nected to the fittings. was a connection holding a
gus chromatograph septum (to bs uased in
conjunction with & second pressure transducer).

A tensimeter (Soil Measuremen: System, Las Cruces,
New Nexico) was ussd to provide back-up tension
data. This unit aleo uses a differential pressure
transducer which has been provided with a digital
teadout and a luer lock hypodarmic needle probe
with which to take the readings (Marthaler et al..
1983). The needle is inserted into the gas
chromatograph septum and soi! water tension
readings are obtained immediately.

Duta retrieval was accomplished with & Hewlett-~
Puckatd (HP) JO54A computer-bnsad automatic data
acquisition syatem (Hewlett Packard, Palo Alto,
Cnlifornia). It combines speed, precinion, and a
variety of control functions with full compu-
tntional capnbilities, and has the flexibility to
moke A wide variety of messurements including out-
puts (rom preasure transducers. thermocouples,
antrain gauges, flow maters and other types of
transducers. The HP' 3497A data acquinition/con-
trol unit 1w the instrument that provides the
anilog multiplexing, digital monttoring, and con-
trol functions using var‘ous plug-in asnemblies,
1t han digital input/output, relay muitiplexing,
digital vole metor (DVM), a [lcld-effect trans-
intorized multiplior, and a renl time clock. The
UVM can resolve a l-nicrovnlt signal and ta {deal
faor the precinse maasurement of the outpute of
thermocouplen, atrain gauges, and transducers.

As the tnpit/Zoutput control, the HI' VA computer
wian aslectied beciune of ita speed and versatiltty,
{he (ntegrnted packages {nclude a 1H-bhit micro-
provensor, read/write memory of 4 megnbytes, al-
phitnumerie amed enlor graphic eathode ray tuoe die-
plaoy, multiple language capability, typswriter-
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like keyboard, a dunl disc drive, and a real time
clock.

To supply constant excitation voltage to the pres-
sure tranaducers, two 8-V-IIC power supplies (model
no. 6050C manufactured by Power Designs, Inc,
Westbury, New York) were used in conjunction with
the data acquisition system. This type of power
supply provides constant (0.005X% regulation) velt-
age and current with automtic crossover, four
digit display with an accuracy of 0.1 V, remote
sensing or prograaming., and o short circuit device
that prevents instrument failure within 200 msec.

The entire data acquisiiion system is installed at
the Loas Alamos Experiment Engineered Teat Facility
(EETF: see Deloorter., 19681) in an tnsulated
trailer, allowing year-round use of the system and
{ts accessories under optima! temperature con-
ditions. The tratler is located adjacent to fleld
plots containing two different shallow land burial
(SLB} trerch cap designs as described previously
{Abesie et al., 19686). A conventional SLB cap de-
sign {s being studied in a 3.0 x 10 m plot con-
taining a snil profile consisting nof 15 cm of a
sandy loam topsoil over 114 cm of a sandy loam
crushed tuff backfill: tensjometers are located at
depths of 30.5, 76, and 114 cm at six different
sampling locations throughout the plot. A mod!-
fted design is being studied tna 3.7 x 10 m plot
consinting of a profile, from the top downwnrd. of
15 cm of a sandy loam topsoil, | m of a sandy loam
crushed tuff, 25 cm of gravel, 7% cm of cobble.,
and, at the bortom, 38 cm of sandy loam crushed
tuff backfill: the tensiometers nre lacnted at
depths of 30.56, A1, 68, 76, and 214 cm ut nine
different sampling locations throughout the pluot

Air temperature and atmospheric pressure nensure-
mentn were also collected to compare with the
tensiometer dnta collected at the FETF.  Temper-
Ature measurements were mnde with a model 076G

rad .ation shield (Met One Inc.. Grants Pass,
Oreston) which housea a Met (ne madel OGOA-2
thermistor. The radintion shield s a fan-
aspirated device which claims n radiation error of
less than 0,098°C under maximum asolar radiation of
1.¢ m—c*l/cm /mlputo and has an operpting range
from -560"C to +80h'C.. The thermistor probe is lo-
ca:ed 1.2 m above the noil surface, has an oper-
ating range fiom 00" to ¢n0YC, and an nceurncy
of 10.1°C. Barometric Presnure wilh meanured usirg
a pressurs transducer (model number 2/0, Setra
Systems, Inc., Acton, Massachusetts), whith usea n
viuriablie ceramic caparitance aennor which doform
proportionally to the appliced pressure. This
trannducer can measure barometric pressurs over
the range from GO ta 110 kPn with n resolution of
0 01X, barometric pressure readings are determined
with an accuracy of 0.0 kPn over a stx-month
poriod.

i fleld experiment wna performed (n September
‘hrough (etober 198G at the FITF to determine the
vl luones uf three motl winter regimes an the diur-
il Tluetuntions of the tenstometer readings col-
Jovtmd by the daty neguinition system. Une 1.5
tm dinmeter hole wan deilled tn the bottom of enh
of six polysthylene contiiners (A1 em tn hegght
with outaide aiometers ranging lrom W em nt the
top to 3 em at the bottom); a palyesthylens cons

nector (inside diameter of 1.5 cm) was glued into
this hole and 3 m of plastic tubing (inside diam-
eter of 1.5 cm) was attached to the coanector. A
7.H-cm diameter screen was emplaced over the hole
in the container, and 3 c¢m of gravel (l-cm diam—
eter) was then put on top of the screen, followed
by 28 cm of crushed tuff (32 kg) which was added
fn 4 lifts and uniformly compacted. A tenziometer
(30 cm long) wns then inserted to a depth of 18.5
cm into the crushed tuff with the attached pres-
sure transducer connected to the data acquirition
system. Three moisture regime trentments were ap—
plied (two experimental units per treatment) by
adding water through the bottom of asch container:
(1) no addition of water. (2) continuous satu-~
ration with 1-2 cm of standing water on the sotil
surface, and (3) treatment (2) applied for about
an hour followed by drainage.

RESULTS AND DISCUSSION

Both the tensiometer-transducer units and the
tensimeter were calibratesl by applying known
hydraulic heads to the tinsiometers ard moasuring
the resulting tension accordi~g to previously-
derribed methods (Cassel and Klute, 1985). After
installation of 40 tensicweter-transducer uniis in
our field plots, the pressure transducer data was
then compared with the tensimeter data collected
for these units in both flelid plots (Fig. 1).
These two distinctly differenc means of collecting
the tennouaner data more than wmet our expaec-
tations (r~ = 0.994).
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Figure 1. Coaparinson of tension rendings col-
lected tn our fleld plots with (he tensiometer and
with the prassure transducer,

The second step in evaluating the tensiometer-
tranaducec unity wne to have p wuy of mensuring a
knhown tensiun with tims nn the syntem callected
hourly dnta tn the fleld. To scocompiish thi twy
telference tinslonetern wets selectad and egalp-
peal ddentieally to thuse in the fteld tnunsl-
latton.  One wins placed in a buthet of vater in-
wide the trutler which housed the ity acquinition
sywtem.  The wecond wan piared outslde the tradler
in the experimental arra nnd tnatde an nluminume
tube alrendy tnnerted Into the ground  The hy-
dravlic heada on bath reference tons, mete s wera
kept the same.  Thia provided n velerence of the



effects caused by the environment inside the
equipment trailer and the effects of the environ-
ment in our experimental area, less those caused
by the sofl itself.

The results from these two tensiomcters show (Fig.
2) that changes of less than 0.1 kPa eccurred in-
side of the temperature-controlled environment in
the tra.ler, while outside diurnal changes in ten-
sion were observed to range from 0.1 to 0.3 kPa
during a typical period in September 1986. Since
the differential pressure transducers used to de-
tect tension changes were designed to compensate
for changes in temperature and pressure. it was
unclear to us at first what was causing the vari-
ations in pressure in the reference tensiometer
located in the field. This unexpected diurnal
variation in tension always coincided with the
occurrence of sunrise and sunset: the negative
pressure readings generally decreased (notice that
the convention used in expressing soil water
tension is tho one where a soil! which has just
received water exhibits a decrease {n negative
pressure or tension, and vice versa) from sunrise
to the middle of the solar dny, and then the
negative pressure readings generally increased
from the middle of the solar day to the next
sunrise (Fig. 2). Obviously. the daily variations
in solar radiation were eausing diurnal temper-
ature changes, which in turn are known te be the
primary cause of dnily variationa in atmospheric
pressure (Taylor. i904).

794 Leendt

REY TENCUNGTIR NO { Qnoide) somwmae
=774 ALY TENSRAMETLR NO 2 ulidet~oem=

1
ol 1L

me " vwmm Y arm Y vam Y vem

Time (days,

Figure 2. Comparimon of hourly tension datn
collected in Septembar, 198G from two releresnce
tenniomaters with known, constant hyvdraulic hends,
K and M indicnte noon and midnight, respectively.

The diurnnl variation in tension observed in the
reflerence tensiometer located in the [ield wan
nlno obaerved th nll of the tenstonnter-transducer
untty installed tn the aotl of the twa field
plots, but differed from the reference tensjometor
data in having o mich larger nmpl{ tude lHourly
bl water tension mennurements coliveted for
three wotl depthe tn the modified f1ela plat are
shown for four diiyn 1n September 195, along with
obwerved varintions in ntr temperntyre and awtmo-
spheric preasure (g, 3) Stiusoldal- type soil
water tenston {luctuations were nuain observed for

all soil depths and seemed to follow the vari-
ations in air temperature more than atmospheric
pressure changes, During this time period, as the

air temperature ranged from a minimm of 2.2°C to
a maximum of 17.8°C, atmospheric pressure only
varied in amplitnde by 0.57 kPa (Fig. 3). The
corresponding average diurnal variations in soi)
water tension for this time period generally de-
creased with soil depth: 5.3, 3.4, and 2.9 kPa,
for tensiometer data collected at depths of 30,
60, and 220 cm, respectively. This daily pattern
of change in the amplitude of the apparent soi!l
water tension diurnal variations with depth ts
directly correlated with the known daily pattern
of change in amplitude of soil temperature with
depth (Kohnke. 19G8), with datly fluctuations in
s0i! temperature normaily being great only in
surface soils.
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Figure 3. Air tempernture, ntmospheric pressure,
nt.d hourly treannducer-tensiometer data collected
tn Soptember, 1966 for three sojl depths tn the
field plot contnining the modified SIN destgn. R
and § indicate wnrise and sunset, respectively,

The amplitude of the diurnn] variations in soil
wnter tonnion decrensed with time nm dntn ws col-
lected on the modified plot (rom mid-Neptembar
through early November, 19806 (Fig. 4). The av~
crage tmplitude of the diurnnl sotl wmter ten-
ston vertation for 9 jocations at the M) om sol)
depth on the modified plot decreaned from albout
4.5 ke on Neptember I8 to 2 kPa on Octoaber 1D to
only nbout Q. O kP on November 2. less dramtic
fluctunttons wore obaerved on the control plot
(Hig. 4). which normily exhibited wetter sotl



conditions than the modified plot. The maximum/
minimum daily temperatures for these three dates
showed a progressive cooling trend: ?S.W.()DC
(September 18). 16.3/-1.0°C (October 153), and
10.1/1.4% {November 3). Atmospheric pressure
variations for this entire time period only ranged
from 76.8 to 78.5 kPa. again showing a minimal in-
fluence on the tensi‘ometer-itransdicer data com-
pared with that of temperature.
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Figure 4. Amplitude of the diurnai fluctuation in
hourly sotl water tension data collected at the 30
em soil depth in both field plots as a function of
timn.

In order to see if the apparent changes in noil
wiater tension observed in our field plots were
reasonoble, they were compnred with previous
tensiometer data collected with tenstometers sim-
flar to those used in our studtes. but situnted at
the FETF under conditions where temperature vari-
ations were mich smaller in an enclosed caisson
(Abeele, 1784). This experiment consisted of
messuring the matric potential and volumetric wn-
ter content of saturated crushed tuff with time as
the column of tulf drained so that unsaturated
conductivity could ba calculated as a function of
the water stntus of the tuff. The results of this
experiment demonstrated that :he rates of change
of matric potentinl of the tuff ranged from ap-
proximatuly 1.0 kParday within the first four days
of drainage (the mutric potentinl dropped from J.1
to 5.5 kPa in three days) ro 0.1C kP'n/dny after
100 days of drainage (the mat-ic potential dropped
from 18.9 to 20.7 kPn hetween H0 dnys and 100 days
after dratnage was started). Comparing this data
with the apparent datly fluctuations in tension
measured in our fleld plots (Fig. 4), it can
enstly be observed that the tensiomater data
collected {n tha ciatsson wns at a mach more con-
atant temperature thw, our field data, and, thus,
swhowed smaller varfutions in tensjon readings.

Since there was some evidence from the tensiometer
dinta dwt the diurnnl  hanges {n tension seemed to
docrease in amplitude after small rathstorms in
Inte murmer nnd early fall, a smil scale (teld
experiment way putformed to determine the (nflu-
ence of three wotl wnier regimes on the dinrnal
fluctions In hourly tensjometer datan.  Lhe results

of first treatment (Fig. 5) consisting of no water
addition ro the crushed tuff, exhibit the
commonly-observed diurnal variations in soil water
tension with an average daily amplitude of 5.6 kP2
over the 10 days of this experiment. The last two
treatments in this experiment both involved satu-
rating the crushed tuff. since none of the precip-
ftation events had saturated the soils in our ex-
perimental plots to a depth of 30 cm. Soil ten-
sion data was collected for a couple of days (the
results are comparable to the soil treatment de-
scribed above), and then the soil {n both treat-
ments was saturated on September 24 (Fig. 5). Tne
tension observed immediately approached values of
about 2 kPa due to the fact that excess water col-
Jected on the soi) surface. Although the sotl wa-
ter was allowed to drain out of the container iIn
our treatment (Fig. 5)., the greatly enhanced soil
water status of these two treatments dramncically
reduced the magnitude of the diurnal fiuctuations
in tension.
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lFlzure . Soil water tenaion datn c¢ollected on an
bourly bosis for crushed tuff receiving threo
different sotl water treatments in a small-scale
field experiment.

The explanation behind the reduction in the di-
uttal tension fiuctuations with enhanced noil wn-
ter statun i related to thermal effects on the
Wi, on the water tnside of the tensiometer, and
on the air space inside of the top of the ten-
stometer  The diurnal cyele of soinr radiation
caunes datly tluctusttons tn rotl temperature, an
sffect which ta turther influenced by soil wmter
conteat.  The thermnl conductivity of most soils



lies around 0.005 mcal/sec-cm-"C; that ef air is
mbout 100 times smller, while that of water is
about one-fifth that of soils (Kohnke, 19G8).
Thus., the resulting temperature gradient in the
wet soil is dampened as well as its effect on the
water inside of the tensiometer, which is trying
to come to equilibrium with the temperature gra-
dient along the entire length of the tensiometer.
Finally. the temperature of the liquid water in
the tensiometer changes and the vapor pressure of
woter in the enclosed air space at the tcp of the
tensjiometer is then dramatically influenced. When
this occurs, the vacuum pressure measured with the
pressure transducer in this enclosed air space is
inversely proportiona) to temperature changes.
However, temperature is exponentinlly related to
the vapor pressure of water in the enclosed air
space in the tensiometer, making an interpretation
of tensiometer-transducer field data more complex
as the average soil temperature varies. Nonethe-
less, this explanation does suoport the daily
decreases in tension observed in tensiometer-
transducer readings atarting at sunrise and pro-
ceeding to mjid-day as the temperature gradually
increases (Figs. 2, 3). The rest of our field
data alsc shows a general decrease in the ampli-
tude of the observed diurnal fiuctuation in soil
watei tension from the warm late summer period
through the cooler mid-fail period (Fig. 4).

The data presented In Fig. O also demonstrates
that it is soi! temperature that seems to contro!l
the apparent daily diurnal fluctuations in ten-
sion, and not air temperature cffects on the
aboveground portions of the transducer-ten-
siometer system. The tops of all three ten-
siometers were exposed to diurnal air temperature
variations, yet the tensjometers in the two reln-
tively wet treatments exhibited ~reatly reduced
diurnal fluctuntions in tensien (Fig. 5).

SUMMARY AND CONCLUS IONS

In order to measure the relative reduction in
sotential of water as a result of the attraction
of the soi] matrix, the procedure and instruy-
mentation must have certain exacting charac-
terisntics. Theoretically, it must be possible to
hold all the varinbles constant except the mntric
attroction, which {n turn must be capable of mens-
urement., Thus, the water in the tensiometer sys-
tem should be in thermodyrnamic equilibrium with
the soll water: however. in reality, tensiometers
commonly do not achieve equilibrium immediately,
i.e. - they exhibit non-zero response times
(Cassel]l and Klute, 1986; Klute and Gardner, 1962;
Towner, 1980). Theoreticnlly, the measurement of
mtric attraction of soil requires constant
temperature, such ns ean be achieved {in a conxtant
temperature laboratory or chiamber. However, the
conmon proctice when working with tensiometers in
the field is to fznore temperntyre effects -~ n
proctice that our field experiments document to be
a myjor error, especially when denling with sollws
contathing small amounts of sotl water!

Using n differentinl presnure tpansducer ot cher
attached to n tenwiometer with a known hydranlic
head of wiver (reference tenwiometer), or to o
tenatometer in contact wivh wai) tna fleld plov,
apparent diurnal cluinges In tension were nbaervied

and correlated with diurna: temperature varf -
ations. Heference tensiometers exhibited
sinusoidal-type tension fluctuations with a daily
amplitude of 0.1 to 0.3 kPa, while the corre-
sponding values for tensiometers in one of our
field plots ranged from about 4 to 6 kPa in the
warm portions of early September to less than 1
kPa in the much cooler por:iions of November. Dally
fluctuations in soil water tension were shown to
decrease with soil depth just as would be expected
to occur with the pattern of daily soil! temper-
ature fluctuations with depth. Atmospheric pres-
sure variations, both on a daily basis and on a 1
1/2-month basis, were found to have a minimal ef-
fect on observed changes recorded by the
tensiometer-transducer system compnred with the
efiect of temperature. The temperature-influenced
apparent rates of change of soil water tension
measured using the tensiometer-transducer units
were also found to be considerably larger than
data collected from a similar experiment conducted
at the EETF where temperature effects were min-
imized.

Enhancing the soil water statun of the crushed
tuff in n small-scale field experiment coused a
dramatic decrease {n the apparent diurnal fluc-
tuntions in soil water tension measured wh the
tensiometer-transducer units, These observ-
ations were explained relative to therml efferts
‘on the moisture in the soil, and on the water md
|air inside of the tensiometers Alr temperature
'effects on the above-ground portions of the
transducer-tensiometar units were found to be
minimal.

The tensiometer data collected in the fileld
studies veported on in th.s paper and in one other
study (Lowery et al., 1986) demonstrate the in-
fluence of n diurnal temperature-induced effect on
Jdiata collected in the fleld. Our current research
involves develuping a wethod to correct fleld ten-
siometer data for diurnal thermal fluctustiona not
compensated for by differential pressure trans-—
ducers, {.e. fluctuations related to expmnsion and
contraction of the materinl of the tensiometey
system und of the wmter tn it. This correction
factor will have to take into sccount temperature
sradients in the soil adjacent to the below—ground
portion of the tensiometer and will have to be de-
pendent on the moisture status of the soil. The
only way this might be done to account for all of
these effects seema to be throuzh the use of a
tensiometer-transducer unit which measures only
the thermnlly-induced effects, and not matric
potential. This “background tensjometer’ would
probably be identical in length. construction, and
water-alr content to that of a nonbnckground
tensiomater, except that the porous cup at the
hottom of the tens,ometer vould be senled to elim-
tnnte mensured chunges in soil matric potential.
Thus, ynther than ignoring temperature -induced
effects on tennjometer dinta collected in the
field, temperature eftec . covld be guantt -
tntively taken a0y account in the future.
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